GGBS based Geopolymer concrete is innovative composite material for civil engineering industry for which binding material cement and water is replaced by pozzolanic material like fly ash, GGBS and activated by highly alkaline solutions to act as a binder in the concrete. Mix design procedure used is proposed on the basis of quantity, fineness of fly ash, quantity of water, grading of fine aggregate, fine to total aggregate ratio and GGBS is used for M40 grade of GGBS based Geopolymer concrete. During experimental work, variation of different parameter like ratio of alkaline solution ratio (Na2SiO3/NaOH) of 2 was taken. Different molarities such as 12M and 16M of NaOH was taken. In addition, different percentage of such as 0%, 20%, 40%, 50% of GGBS with solution to fly ash ratio 0.38 and sodium silicate to sodium hydroxide ratio 2 was taken. The samples are cured in oven at 45 0 C temperature for 24 hrs. The results show that the strength of geopolymer concrete increases with increase in percentage of GGBS in the mix. The strength increase up to 40% replacement of fly ash with GGBS after that it starts decreasing. In case of fly ash based geopolymer concrete as there is no CaO content so curing takes place due to polymerization process, but with the addition of GGBS in fly ash based geopolymer concrete curing is due to combine effect of polymerization as well as heat of hydration due to presence of alkaline solution and CaO respectively. As molarity of NaOH increases from 12M to 16M, compressive strength, flexural strength, split tensile strength also increases.
INTRODUCTION
Construction is one of the fast growing fields worldwide. As per the present world statistics, every year around 260,00,00,000 tons of cement is required. This quantity will be increased by 25% within a span of another 10 years. Since the lime stone is the main source material for the ordinary Portland cement, an acute shortage of limestone may come after 25 to 50 years. Moreover, while producing one ton of cement, approximately one ton of carbon dioxide will be emitted to the atmosphere, which is a major threat for the environment.
Geopolymer concrete can be manufactured by using the lowcalcium (ASTM Class F) fly ash obtained from coal-burning power stations. Most of the fly ash available globally is low-calcium fly ash formed as a by-product of burning anthracite or bituminous coal. Commercial grade potassium hydroxide in pallets form (97%-100% purity) and sodium hydroxide solution (Na2O=14-16%, SiO2=32-35%, water = 46-49%) were used as the alkali activators. The potassium hydroxide pallets were dissolved in the required amount of water according to the desired molarities. Locally available aggregate and fine river sands were used as aggregates for the concrete. Note that the mass of water was the major component in both the alkaline solutions. For improving the workability of the concrete super plasticizer can be used. GGBS blended concrete has been successfully in concrete for many years in many countries throughout the world. From all the available technical literature it is suggested that there are potentially many technical benefits to be gained from using GGBS, when structure have to be design for durability requirements in very aggressive environment, GGBS blend mixes are recommended in standards of most develop and developing countries. Many countries have accepted the benefit and have recommended its use in their national standards. Once the user is making aware of the properties of toe material and has understood the benefit to be gained there is no reason why it should not continue to be used successfully and more often in existing and future projects.
In this project, fly ash, GGBS and alkaline solution has been used together as an alternative to Portland cement as fly ash alone does not exhibit any binding property. Alkaline solution consists of sodium silicate and sodium hydroxide solution. Sodium silicate is a composition of silicon dioxide, sodium oxide and water. Mechanical properties of Geopolymer concrete are studied for various percentage of GGBS with fly ash. Sodium hydroxide solution having 12 and 16 molarity is mixed with sodium silicate solution to form alkaline solution. The results are used to study the effect of GGBS or CaO on curing behavior on Geopolymer concrete. These research findings will be used to formulate procedure for manufacture and development of Geopolymer concrete for sustainable growth. 9
MATERIALS AND METHODOLOGY

Fly ash
In the present experimental work, low calcium Class F (American Society for Testing and Materials 2001) dry fly ash obtained from the dirk India pvt. Ltd. was used as the base material. Fly ash (Pozzocrete 60) is a high efficiency class F pozzolanic material confirming to BS 3892 obtained by selection and processing of power station fly ashes resulting from the combustion of pulverized coal. Pozzocrete 60 is subjected to strict quality control. The general information of class F low calcium fly ash is shown in Table 1 . 
Ground granulated blast furnace slag (GGBS)
GGBS is a byproduct from manufacturing of iron and steel-making. Blast furnace slag is formed in the processes of iron manufacture from iron ore, combustion residue of coke, and fluxes such as limestone or serpentine and other materials. If the molten slag is rapidly chilled by immersion in water, a vitreous Ca-Al-Mg silicate fine grain glass is formed with a highly cementitious in nature. Due to presence of SiO2 and Al2O3 in GGBS it can be used in geopolymer as a base material. A typical chemical composition of GGBS is shown in Table 3 . The GGBS was finely crushed in the laboratory for this study as the available GGBS was in larger size (around 20mm). 
Alkaline solution
A combination of sodium silicate solution and sodium hydroxide solution was chosen as the alkaline liquid. Sodium-based solutions were chosen because they were cheaper than potassium-based solutions. The sodium hydroxide solids were either technical grade in flakes form (3 mm) with a specific gravity of 2.130, 97 % purity.
Fine aggregate (natural sand)
Various tests such as specific gravity, water absorption, impact strength, crushing strength etc. have been conducted on fine aggregate to know their quality and grading. Natural sand is used confirming to IS 383-1970.
Coarse aggregate
The nominal maximum size of coarse aggregate should be as large as possible within the specified limits but in no case greater than one fourth of the minimum thickness of the member provided that the concrete can be placed without difficulty so as to surround all reinforcement thoroughly and fill the corners of the form. The aggregate of size 20mm were used confirming to IS 383-1970.
Methodology for mix design of Geopolymer concrete
As Geopolymer concrete is new invention, the procedure for mix design of conventional concrete as per the procedure of Bureau of Indian Standards IS 10262: 2009 is not applicable. In the present study, mix design procedure suggested by Prof. S.V. Patankar is used for M40 grade of geopolymer concrete. Mix design procedure as proposed is based on quantity and fineness of fly ash, quantity of water, grading of fine aggregate and fine to total aggregate ratio. 
RESULTS AND DISCUSSION
Workability of Geopolymer concrete
It was found that geopolymer concrete mix was homogenous and workability of fresh geopolymer concrete was measured by flow Figure 1 . The workability was 58.8% which is in between 50 and 100% which was high.
Figure 1. Determination of workability by flow table test apparatus
Compressive strength (IS 516:1959)
Compressive strength tests were conducted after 7, 14 and 28 days on cubes of size 150x150x150mm.Results are shown in Table 4 .
Results show that maximum compressive strength is obtained for combination of 60-40 % to fly ash and GGBS for the trial no 5 &6.
Compressive strength of 16 molarity was found to be greater than 12 molarity.
Figure 2. Compressive tests on Geopolymer concrete
Effect of molarity on compressive strength of Geopolymer concrete
Effect of molarity on geopolymer concrete in Figures 3 to 6. As molarity increases from 12M to 16M compressive strength increases. Maximum compressive strength is obtained for 16 molarity having combination of fly ash to GGBS is 60 % and 40% as shown in Figure 5 .
From Figure 3 , it is observed as molarity increases from 12M to 16M compressive strength found to be increasing. For trial no. 2 maximum compressive strength found to be 50N/mm 2 . From Figure  4 , it is observed as molarity increases from 12M to 16M compressive strength found to be increasing. For trial no. 4 maximum compressive strength found to be 52N/mm 2 . From Figure  5 , it is observed as molarity increases from 12M to 16M compressive strength found to be increasing. For trial no. 6 maximum compressive strength found to be 54 N/mm 2 . From Figure 6 , it is observed as molarity increases from 12M to 16M compressive strength found to be increasing. For trial no. 6 maximum compressive strength found to be 51N/mm 2 .
Flexural strength
Three beam section of size 100x100x500 mm were casted and cured for 28 days. All beams were tested under two-point loading in Universal Testing Machine. Each beam section was given 1-day rest period. After giving rest period these beams were cured at 45 0 C temperature for 24 hours. Results show that maximum flexure strength is obtained for fly ash & GGBS combination 60-40 % for the trial no.7. The flexural strengths shall be obtained as described in IS 516 and IS 5816 respectively. 
Split tensile test
The split tensile test is well known indirect test used to determine the tensile strength of concrete. Three cylindrical sections of diameter 150 mm and length 300 mm were casted and cured for 28 days. Each cylinder section was given 1-day rest period. 
CONCLUSION
 As there is CaO content in GGBS based geopolymer concrete the curing temperature required for Fly ash based geopolymer concrete is 60 0 C but it can be reduced by addition of GGBS to the fly ash based geopolymer concrete up to 45 0 C. 
In case of fly ash based geopolymer concrete as there is no CaO content, curing of fly ash based geopolymer concrete takes place due to polymerization process but with the addition of GGBS to the fly ash based geopolymer concrete, the curing temperature due to combined effect of polymerization as well as heat of hydration due to presence of alkaline solution and CaO respectively. 
As conventional concrete requires external curing due to heat of hydration reaction but there is expulsion of water in the polymerization process of Geopolymer concrete so no extra curing is required. 
Compressive strength of geopolymer concrete increases with increase in percentage of replacement of fly ash with GGBS. Fly ash was replaced by GGBS up to 40%, beyond that fast setting was observed.  Maximum compressive strength achieved at 40% replacement of GGBS with fly ash is 25.92% greater than that of convectional concrete at 28 Days.  Maximum flexural strength achieved at 40% replacement of GGBS with fly ash is 65.73 % greater than that of convectional concrete at 28 Days.  Maximum split tensile strength achieved at 40% replacement of GGBS with fly ash is 10.70 % greater than that of convectional concrete at 28 Days.
